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METHOD FOR INCREASING THE W EAR RESISTANCE OF A WORK 

The invention relates to a method for increasing 
the wear resistance of a work piece in accordance with 
^^th.e preamble of claim T7^ * 

In order to increase the wear resistance of a work 
piece it is known that the loaded surface of the work 
piece can be protected by means of a material that is 



10 of a greater hardness than the work-piece material. 

Materials that cannot be reshaped, such as hard metal 



or ceramic materials , called core materials in the 



following, are particularly suitable for this. 

Connections between ceramic materials or hard 
15 metals and* a metal or non-ferrous metal respectively as 

the work piece are produced at present by using the 
basic joining technaques, form-fitting, force-fitting 
and substance- fitting . 

Moreover, connections which cannot be--undone are 

2 0 currently mainly realized by means of soldering, 

welding and shrinkage methods and various bend ing - 
re^Jaapijig^jnet hods , for example flanging or rotatory 
reshaping under compressive conditions . 

It is largely the soldering methods (for example 
25 high-temperature or active soldering) and also the 

welding methods that come into consideration for 
connections that und ergo maxim um mechanical stresses. 

The disadvantages of the soldering and welding 
methods are the high costs of production as well as, in 

3 0 most cases, the need to use add itional an d/or 

intermediate substances that are matched to the 



expansion behaviour or the need to carry out structural 
measures to compensate for the different coefficients 
of thermal expansion in order, to reduce^^tresses . 
35 The underlying ob3ect of the invention is to 

improve a method for increasing the wear resistance of 



-2- 

a. work piece in accordance with ^he preamble of claim 1 
in such a way that an extremely durable connection of 
the core material to^the workpiece is achieved with 
simple means and in a less expensive manner. In so 
doing, the dimensions of the work piece are to be 
maintained. 

In accordance with the invention this object is 
achieved by connecting the core material to the work 
piece in a form- fitting manner by means of cold- 
10 extrusion or hot-extrusion of _the work-piece material. 

The method in accordance with the invention is a 
/reshaping method in which a plastic change in the shape 
' of a solid body is effected by means of compression or 
c omp r e s s i o n - dr awi ng . The p rop erties g>f_J:he_mat e r i a 1 
15 ^and the dimensions of the body are thereby maintained. 
,/Cold-extrusion is extrusion without an additional 



I 



supply of heat to the components or tools before or 
during the reshaping. However, heat can/will develop 
^^as a result of the reshaping. In the case"^f hot- 

2 0 / extrusion, heat is supplied during the extrusion. 

The new underlying idea of the method is to use 
the plastic change in the work-piece material, 
advantageously steel__Q r n on -ferrou s metal, during the 
extrusion, and the non-reshapability of the ceramic 
25 sintered materials that have hi cfh. .„ gr a i n_ ^bounda ry 

stability, based on dense, high-melting metal oxides, 
metal carbides and metal nitrides or hard metals and 
hardened metals, in order to produce a connection which 
cannot be undone. The sintered materials, the hard 

3 0 metal or the hardened metal of the core materials are -v 

shaped in terms of extrusion techniques in such a way 
that the pla stic d e format ion of the metal/non-ferrous . 
metal i s not hindered, but rather is promoted, and the 
sintered materials or the hard metal are not overloaded 
35 with regard to their material properties, specifically 

the stability properties. Outer and inner contours of' 
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the work pieces are then determined by the 
producibility of the tools. 

The connection is clearly less expensive as a 
result of the use of this new technology (savings in 
5 terms of time and materials) , 

Qa^cJe^^ceramic materials, such as, for example, 
aluminium oxide, zirconium oxide, magnesium oxide, 
mixtures of aluminium oxide and zirconium oxide, 
silicon nitride, such as, for example, sintered silicon 

10 nitride (SSN) , hot-pressed (HPSN) or gas pressure- 

sintered (GPSN) silicon nitride, silicon carbide, such 
as, for example, densely sintered silicon carbide 
(SSiC) , silicon-infiltrated silicon carbide (SiSiC) , 
dispersion ceramic materials, ceramic silicate 

15 materials and also mixtures of titanium carbide and 

aluminium oxide number amo ng the cera mic sintered 
mater ials t hat are particularly suitable for the 
present invention. Numbering among these materials 
within the scope of the present invention -ar-re also 

2 0 those materials which contain, in small admixed 

quantities, magnesium oxide, calcium oxide and yttrium 
oxide and other sintering aids which are usually added, 
for example, as grain-growth inhibitors. 

In the case of this invention all the hard metals 
25 which have mechanical strength values of > 350 N/mm^ 

number among the hard metals which are particularly 
suitable . 

All the metals of the material group 1.2379, for 
example, number among the hardenable metals which are 

3 0 particularly suitable. 

In order to achieve security against torsion or a 
comparatively high degree of strength of the 
connection, suitable additional shaped elements such 
as, for example, rounded-off notches and/or areas or 
3 5 hollow spaces and/or undercuts are worked into the core 

materials or special surface qualities are produced. 
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In a particularly advantageous embodiment, the 
additio nal shaped e l ements a re constituted by a 
knurling that is provided on the outside. 
Advantageously, moreover, the core material tapers 
5 towards the outside of the work piece. As a result,. 

even, better anc horage of t he core mate rial in the work 
piece is achieved. 

In accordance with the invention advantageously an 
extrusion sleeve liner with a bore, in which a 

10 displaceable punch connects the work pde ce to t he core 

material by means of cold-extrusion or hot -extrusion, 
is used as the pressing tool. In this connection, the 
core material is pressed into the work piece, or vice 
versa the work piece is pressed into the core material, 

15 until the work-piece m aterial is free-flowing under the 

pressure and flows around the core material. Promoted 
by the cold-work hardening of the work-piece material 
that occurs during the reshaping, a permanent, 
extremely firm connection of the core material . with the 

2 0 work piece develops. 

Advantageously, a displaceable ejector is provided 
as an abutment for the work piece or the core material 
in the bore in the sleeve liner.. This ejector is used, 
aft er tli e extrusion, to eject, for example press, the 



25 f inished^wo rk piece out of the slee ve liner. 

In a special advantageous embodiment a 
constriction can also be provided as an abutment for 
the work piece in the bore in the sleeve liner. It is 
possible to push the work piece out of the sleeve liner 

3 0 after the extrusion by means of the ejector further 

described above. 

Depending on the required application, it is also 
advantageous to form the punch_as a hollow punch. In 
this case, the pressure is only applied to an annular 

3 5 outer region of the hollow punch. It is also expedient 

in specific cases if the punch, at its end that faces 
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the work piece or core material, has a clearance from 
the bore in the sleeve liner. 

In a special embodiment a further displaceable 
punch, to which force can be applied, is arranged in 
5 the punch. By means of this further punch it is 

possible to control the reshaping of the work-piece 
material in a purposeful manner. 

Advantageously, this method is used in the case of 
work pieces of valve syste ms, in particular valve 
10 drives of ^in ter nal combus tion engines.. Numbering 

amongst these there is, for example, a tappet that is 
driven by the cam shaft or else the setting screw of 
^the rocker • ^ 

Further features of the invention emerge from the 
figures which are described in the following and in 
which: 

Figure 1 shows" the valve drive of an internal 
combustion engine with advantageous 
examples of application of t-he 

2 0 invention; 

Figures 2a, b 

show a plan view (Figure 2a) of and a 
section (Figure 2b) through a core 
material, for example as an insert for a 
.25 tappet; 

Figure 3 shows a setting screw of a valve drive 
of an internal combustion engine; 

Figures 4a, b . , 

diagrammatically show forward cup. 

3 0 extrusion; 

Figures 5a, b 

diagrammatically show backward cup 

extrusion; 
Figures 6 a , b 

3 5 diagrammatically show forward tube 

extrusion; 
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Figures 7a^ b 

diagrammatically show backward tube 

extrusion; 
Figures 8a, b 

5 diagrammatically show forward solid 

extrusion or reductions- 
Figures 9a_ ^..,Ja 

diagrammatically show backward solid 
extrusion; and 
10 Figures 10a, b 

diagrammatically show lateral extrusion ^ 

The valve drive of an internal combustion engine 
is diagrammatically shown in Figure 1. It 

15 substantially consists of a cam shaft 11, a tappet 12, 

a push rod 13, a rocker arm 14 with a rocker-arm axle 
15, a setting screw 16, a valve 17 with a spring plate 
18, a valve guide 19 and a valve spring 20. These 
parts are to some extent very susceptible Xx> wear. It 

2 0 is known that the wear- resistance at, _the working 

surface of the carrT^shaft 11 can be increased by 



providing on. t he ta ppet 1 2, f or example by soldering. 



welding, shrinkage or the like, a. core material 2 which 
has a greater hardness than the material of the tappet 
25 12. Ha^;d^meJ:_als^, hardened metals or ceramic materials . 

are used, for example as the material of the core 
material. 

According to the method in accordance with the 
invention a core material 2 that cannot be reshaped is 

3 0 connected to the work piec_ e, here, for exam ple the 

tappet 12, in a form- fitting manner by means of cold- 



extrusion or hot -extrusion. 



A plan view (Figure 2a) of and a section through 
(Figure 2b) a core material 2, for example as an insert 
35 in a^ tappet, are shown in Figures 2a, 2b. The core 

material 2 here is formed as a disc and has a knurling 



3 at it s_ _cj^r cjgmf ejrjent i al-^ edge for the purpose of 
securing^aga inst t orsj_on . The exterior 21 of the core 
material 2 tapers towards the outside of the work 
piece. The co re materia]^ 2 in this case consists of a 
sinterej[ _c^eramic materi al , that is, of silicon nitride 
Si3N4. ~ 

Figure^ 3 shows, as a further example, a setting 

screw, 16 of a valve drive of an internal combustion 

/ . ... 

engine (cf . also Figure 1) . A work piece 1 is secured 
by means of extrusion to the end of the setting screw 
16 that faces the valve, with this work piece 1 being 
connected to a ceramic material 23 in a form- fitting"" 
manner by means of ext rusion. 

A work piece for carrying out the method in 
accordance with the invention is diagrammatically shown 
in each of the following Figures 4 to 10. Figures 4a, 
5a, 6a, 7a, 8a, 9a, IQa each show_the work_piece in the 
tool before the connection has been established and 
Figures 4b, 5b, 6b, 7b, 8b, 9b, 10b show it- af t^r the 
connection has been established. 

Figures 4a, b diagrammatically show 
^e^^^^^^^^ In this case, a bore 5, in which a punch 6 
and an ejector 7 are arranged in a displaceable manner , 
is introduced into a sleeve liner 4. The ejector 7 is 
used as an abutment for the punch 6 during the pressing 
process and is used to press out the work piece 1 after 
the connection has been established. The work piece 1 
and the core material 2 are located . between the ejector 
7 and the punch 6. The core material 2 is a sintere d 
cer amic ma terial and the work piece 1 is steel or non- 
ferrous metal. The core material 2 rests upon the 
ejector 7 and has an elevation 23 facing the work piece 
1. During the pressing process the punch 6 presses the 
work piece 1 onto the core material 2 in such a way 
that the material of the work pi ece 1 beg ins t o flow 
and flows around the raised part 23 of the core 




-8- 

material 2. The result, namel y the form -fitting 
connection, is shown in Figure 4b. After the process 
of cold- extras ion, the punch 6 is moved back and the 
work piece 1 is pressed out. by means of the ejector 7. 
H ot -extrusio n is effected in a similar manner, only 
here heat is also supplied, in addition. 



Figures 5a, b diagrammatically show bax:kward cup 



extrnis^^om This is veiry similar to the forward cup 
extrusion in accordance with Figures 4a, b, only here 
10 the core material 2 is pressed into the work piece 1. 



Figures 6a, b diagrammat icaTly s ho wCfp rwa r d tube:> 



(--e X t r u s ion). As a special feature here the bore 5 has a 
const riction 8 in the sleeve liner 4 . This 
constriction 8 is used as an abutment for the work 

15 piece 1 during the cold-extrusion. The work piece 1 

additionally has a recess 24 and the core material 2 
has a peg 25 adapted thereto, with the peg 25 being 
inserted into. the recess 24 before the connection is 
established. During the connection, the wo-rk piece is 

2 0 pressed beyond the constriction 8 in the direction of 

the ejector 7. The ejector 7 is pushed back and after 
the connection is merely used to press out the work 
piece 1. Af^t^r_the_^c.onnec jiQ n has, b een established, a 
hollow space 26 will hav e develop ed in the recess 24 

2 5 that was present before the connection. 



Figures 7a, b diagrammatically show Cb ackw a rd tubex ^ • 
ext rja s i on_ ^ The core material 2 rests upon the ejector 
7 and in turn has a peg 2 5 that faces the material and 
which is inserted into a recess 24 of the work piece 1. ' 

3 0 However, as a special feature herethe punch 6 is 

formed as a ho2J_g^(5L_pun<^ Only the outer region of the 
work piece 1 is therefore subjected to cold-extrusion. 
After the connection has been established, as already 
shown in Figure 6b, a hollow space 2 6 is created in the 

3 5 work piec.e--l'; 



Figures 8a, b show^f jorward^^solid extrusion or 
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reduction. Here again there is in the bore 5 a 
constriction 8 that is formed as an incline on which 
the work piece 1 sits. After the connection has been 
established, the ejector 7 is only used to press out 
5 the work piece 1/ Provided in the work piece 1 there 

is a recess 24 into which the core material 2 is 
inserted. The punch 6 in this^ embodiiTignt_ has a 
clearance 9 from' the b^ore_5^ in the sleeve liner 4. The 
diameter of the punch 6 which rests upon the core 
10 material 2 corresponds exactly to the diameter of the 

core material 2 . During the cold-extrusion, the 
diameter of the work piece 1 is reduced as a result of 
the constriction 8, whereby a firm connection is 

achieved. 

15 Figures 9a, b show bacl^ward solid extrusipn>. Here 

the work piece 1, which before the connection has been 
established is in the form of a disc,, is arranged on 
the ejector 7, The core material 2 is set annularly 
upon the work piece 1 at the outer regi^on tr'hereof . 
20 During the cold-extrusion, the core material 2 is 

pressed down by the punch 6, whereby the work-piece 
material flows into the holl ow spac e 10. 

Figures 10a, b show lateral extrusioh^^or ■ 
compression. Here the work piece 1 is in the form of a 

2 5 T- shape in cross section before the cold- extrusion and 

the core material 2 is set thereon annularly. During 
the cold-extrusion, the work-piece material flows 
around the core material 2 so that the core material is 
surrounded on three sides by the work piece 1 . Here 

3 0 accordingly the peg which develops as a result of the 

backward extrusion is reshaped as a result of a 
subsequent compression or lateral-extrusion operation 
so that comparatively firm seating of the connection in 
the axial direction results. 
3 5 Combinations of the individual methods are 

possible in succession or in one single operation. For 
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example, all the time here there has been talk of the 
advantageous cold-extrusion method, although the hot- 
extrusion method can also be used in an advantageous 
manner. 



